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SPECIFICATION 

[Claims] 

[Claim 1] A polarizable electrode, comprising a carbon fiber 
or a carbon powder on a surface of which a concentration of 
an acidic functional group is 1.0 meq/g or less. 

[Claim 2] The polarizable electrode as set forth in Claim 
1, wherein said carbon fiber or carbon powder is an activated 
carbon having a specific surface area of 500 m 2 /g or more. 

[Claim 3] The polarizable electrode as set forth in Claim 
1, wherein said concentration of the acidic functional group 
is 0.2 meq/g or less. 
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[Claim 4] A method of producing a polarizable electrode, 
characterized in that a concentration of an acidic functional 
group on a surface of a carbon fiber or a carbon powder is allowed 
to be 1.0 meq/g or less by reducing said carbon fiber or the 
carbon powder. 

[Detailed Description of the Invention] 
Industrial Field of Application 

The present invention relates to a carbon fiber or a carbon 
powder for a polarizable electrode to be used in an electric 
double layer capacitor, a cell and the like and a method of 
producing the same. 

Prior Art 

An energy storage device such as an electric double layer 
capacitor in which a carbon material , particularly, an activated 
carbon fiber or an activated carbon powder is used as a 
polarizable electrode has already been known . In such an energy 
storage device, a reaction forming electric double layers is 
primarily performed on a surface of the polarizable electrode 
comprising the carbon material by absorb-desorbing a positive 
or negative ion whereupon collection of electric charges in 
such a portion as described above becomes a reaction at one 
of the electrodes. 
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Illustrative examples of constitutions of the energy 
storage devices of this type which have been developed are shown 
in FIGS. 4 and 5. Namely, FIG. 4 shows a coil type capacitor 
comprising polarizable electrodes 10, 11 each comprising an 
activated carbon fibrous fabric, aluminum current collecting 
electrodes 12, 13 respectively disposed on these polarizable 
electrodes, a separator 14, a cover 15, a case 16, and a gasket 
17; on this occasion, the polarizable electrodes 10, 11 and 
the separator 14 are impregnated with an electrolytic solution. 
FIG. 5 shows a type in which a positive electrode 20 uses a 
same activated carbon fabric as that shown in FIG . 2 as a 
polarizable electrode and has an aluminum current collecting 
layer 21 while a negative electrode uses a lithium-doped Sn-Pb 
alloy 22 and which comprises a separator 23, a case 24, a cover 
25, and a gasket 26. The electrolytic solution which contains 
a lithium salt as an electrolyte is used. 

Not only a type using the activated carbon fiber, but 
also a type constituted to be of a same coin type as that described 
above by using activated carbon powders or a mixture of such 
activated carbon powders and a binder and, further, a winding 
type are also known. In either type, a specific surface area 
of a carbon material governs a capacity value. 
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Problems that the Invention is to Solve 

An electric double storage capacity C to be formed on 
such a carbon electrode as described above is expressed by the 
following formula : 



I 

wherein 

s represents a specific surface area of a carbon material ; 
1 represents a thickness of an electric double layer; 

and 

e represents a dielectric constant of an electrolytic 
solution. 

It is appreciated from this formula that an energy storage 
device having a large capacity can be obtained by using a carbon 
material having a large specific surface area such as an 
activated carbon as an electrode. As for a factor to govern 
characteristics of the energy storage device, there, besides, 
is a surface chemical structure of the carbon material. 

A surface of the activated carbon has a structure, as 
shown below, that a functional group such as -COOH, -OH, >C=0 
or the like exists in a polymer of a carbonic 6-member ring. 
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Also, in order to form a genuine electric double layer 
on the surface of the activated carbon, it is preferable that 
a number of such polar functional groups is as small as possible 
whereby a capacity of an electric double layer capacitor in 
which these polar functional groups are used as a polarizable 
electrode becomes large. Further, since an acidic functional 
group such as -COOH, -OH or the like reacts with the electrolytic 
solution to generate a cation substitution or a decarboxylation, 
a direct leakage current of the capacitor to be derived from 
a current generated by such a reaction (hereinafter also referred 
to as reaction current) as described above becomes large 
resulting in an increase of a self-discharge. 

Means for Solving the Problems 

According to the present invention, a polarizable 
electrode is constituted by a carbon fiber or carbon powder 
in which a concentration of an acidic functional group such 
as -COOH, -OH or the like is 1.0 meq/g or less. 
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Operations 

Since the present invention uses a carbon material having 
a low concentration of an acidic functional group as a 
polarizable electrode, a direct leakage current of an energy 
storage device to be obtained is low whereby a self-discharge 
is also suppressed to be minimal. Further, an extent to which 
a formation of an electric double layer is hampered is decreased 
by an existence of a functional group and, on this occasion, 
when a carbon material having a same specific surface area is 
used, a capacity to be obtained becomes large. 

FIG. 1 shows a relationship between a concentration of 
an acidic functional group on a surface of an employed activated 
carbon fiber and a direct leakage current in a capacitor having 
a structure as shown in FIG. 4 . In this case, the direct leakage 
current is expressed as a value at 2 . 8 V for 60 minutes; a diameter 
of the electrode is 5 mm; a phenolic resin type novolak activated 
carbon fibrous fabric having a measured weight of 100 g/m 2 is 
used as an activated carbon electrode. Further, measurement 
of the concentration of the acidic functional group on the 
surface of the activated carbon is performed by a method as 
described below. Namely, 500 mg of an activated carbon fibrous 
fabric is immersed in 30 ml of a 0.2N NaOH aqueous solution 
and the resultant mixture is subjected to a shaking treatment 
at a room temperature for a whole day. 10 ml of a supernatant 
liquid separated from the thus shaken mixture by a centrifuge 
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is titrated by a 0.2N HC1 aqueous solution to determine an NaOH 
concentration thereby knowing a gram equivalent number of Na 
adsorbed by the activated carbon. This gram equivalent number 
which corresponds to an equivalence of the -COOH group or -OH 
group on the activated carbon surface is converted to an 
equivalence of the functional group per 1 g of the activated 
carbon. 

As shown in FIG. 1, the smaller a quantity of the -COOH 
group or -OH group which the activated carbon has, the lower 
the direct leakage current of the capacitor. This, as described 
above, is considered to be derived from the current generated 
by the react ion between the functional group and the electrolytic 
solution; on this occasion, the lower the concentration of the 
functional group, the better. The value thereof is preferably 
1.0 meq/g or less, and more preferably 0.2 meq/g or less. 

FIG. 2 shows a relationship between a concentration of 
an acidic functional group and a capacity of a capacitor, and 
FIG. 3 shows a relationship between a concentration of an acidic 
functional group and an impedance (value at 1 KHz ) of a capacitor ; 
in either case, as the concentration of the functional group 
becomes lower, the capacitor having better characteristics can 
be obtained. 

As described above, various types of methods of obtaining 
an activated carbon having a lower concentration of an acidic 
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functional group are considered; specific contents thereof will 
be described in embodiments below. 

Examples 

Example 1 

100 g/m 2 of a deposition weight of a phenolic resin type 
activated carbon fibrous fabric (having 2000 m 2 /g of a specific 
surface area) was subjected to a heating treatment in a nitrogen 
stream at a flow rate of 2 1/min and a temperature of 500°C, 
800°C or 1000°C for 1 hour. Then, an aluminum layer (300 urn 
thick) was formed on a side of the thus heat-treated activated 
carbon fibrous fabric by a plasma spray coating method and then 
the resultant fabric having an aluminum layer formed thereon 
was subjected to a punching operation such that it was formed 
in a circular shape of 5 mm diameter to be used as an electrode. 
A pair of such circular electrodes and a separator were used 
to constitute a capacitor as shown in FIG. 4. A solution in 
which tetraethyl ammonium was dissolved in propylene carbonate 
was used as an electrolytic solution. 
Example 2 

100 g/m 2 of a deposition weight of a phenolic resin type 
activated carbon fibrous fabric was immersed in a IN aqueous 
solution of hydralazine hydrochloride and boiled for 1 hour. 
The thus treated fabric was rinsed with water and then dried 
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and thereafter was used for constructing a capacitor having 
a same constitution as that of Example 1. 
Example 3 

100 g/m 2 of a deposition Weight of a phenolic resin type 
activated carbon fibrous fabric was exposed to a hydrogen gas 
stream at a flow rate of 2 1/min and a room temperature for 
10 minutes. The thus obtained activated carbon fabric was used 
for constructing a capacitor having a same constitution as that 
of Example 1 . 

Various characteristics of capacitors obtained in 
Examples 1, 2 and 3 are shown in Table 1. On this occasion, 
the capacity shows a value at the time of 1 mA discharge; the 
leakage current shows a value at 2.8 V for 60 minutes; further, 
the impedance shows a value at 1 KHz. 
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Example 4 

A carbon fiber having a specific surface area of 500 m 2 /g 
was treated at a temperature of 500°C, 800°C or 1000°C in a same 
manner as in Example 1. Then, an aluminum layer (300 |im thick) 
was formed on a side of the thus treated carbon fiber by a plasma 
spray coating method and then the resultant fiber having an 
aluminum layer formed thereon was subjected to a punching 
operation such that it was formed in a circular shape of 5 mm 
diameter . The thus formed fiber was used asa positive electrode 
whereas a lithium-doped Sn-Pb alloy was used as a negative 
electrode whereby an energy storage device having a constitution 
as shown in FIG. 5 was constructed. Characteristics of the 
energy storage device thus obtained in Example 4 are shown in 
Table 2. 
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Table 2 
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Since an electric double layer formation on the carbon 
surface of any one of the above-described 2 types of each of 
the carbon fiber and carbon powder for use in the present 
invention is a rate-determining factor of an electrode reaction, 
the larger the specific surface area thereof, themore desirable; 
on this occasion, it is practically preferable that the specific 
surface area is 500 m 2 /g or more. From this standpoint, as for 
materials having a high specific surface area and strength, 
a phenolic type novolak resin, PAN, cellulose and pitch are 
appropriate. 
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Further, as for reduction methods of the activated carbon, 
methods using a hydrazine hydrochloride solution and a hydrogen 
gas were respectively described above. There, besides, are 
a method of using a chemical reducing agent such as NaBH 4 
hydrochloride, LiAlH 4 or the like and a method of contacting 
it with a reducing gas such as OC, a hydrocarbon or the like. 
Furthermore, in regard to the carbon powder, a similar action 
effect to that described above was obtained. 

Advantage of the Invention 

As described above, according to the present invention, 
a polarizable electrode which is capable of providing an energy 
storage device such as an electric double layer capacitor having 
a low direct leakage current and impedance and a large capacity 
can be obtained. 

[Brief Description of Drawings] 

FIG. 1 is a graph showing a relationship between a 
concentration of an acidic function and a leakage current of 
a capacitor; FIG. 2 is a graph showing a relationship between 
a concentration of an acidic functional group in an activated 
carbon fiber and a capacity of a capacitor; FIG . 3 is a graph 
showing a relationship between a concentration of an acidic 
functional group in an activated carbon fiber and an impedance 
of a capacitor; FIG. 4 is a longitudinal sectional view showing 
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an example of a constitution of a capacitor; and FIG. 5 is a 
longitudinal sectional view showing an example of a constitution 
of an energy storage device comprising an activated carbon fiber 
and a non-polarizable electrode. 
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[Figure 1] 



4-> 

c 

(U 
M 
M 
D 
U 

(U 
Cn 

fO 
^1 















— ^ 




















































































-J* 



ft/ « AJ ft* ^ 

Concentration of acidic functional group (meq/g) 



[Figure 2] 
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[Figure 3] 
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